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(54) NONWOVEN WEBS AND THEIR PRODUCTION 



(71) We, PALL CORPORATION, a 
corporation of the State of New York, in the 
United States of America, whose legal address 
is Glen Cove, New York, United States of 
5 America, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed to be particularly described in and 
by the following statement: — 

10 Cylindrical filter elements are normally 
formed of sheet material that is folded over 
onto itself into a cylindrical configuration, 
with the lapped edges brought together and 
sealed in a side seam seal. The sheet can be 

15 folded with corrugations to increase the useful 
area of the filter sheet within a confined space. 
In forming the seam, usually the two outside 
surfaces of the ends of the sheet are brought 
together. One or both of the opposed sur- 

20 faces is coated with adhesive, and the seal is 
then formed by application of heat to set the 
adhesive. A seam is formed in which a layer 
of adhesive extends from end to end of the 
seam, and across the seam from the outer 

25 surface to the inner surface, and this layer 
of adhesive is presented endwise to the surface 
of the filter element. The portion of the filter 
element bonded to an adhesive layer in the 
seam is of course not porous, and this re- 

30 duces the available surface area of the filter. 
Various types of sealing techniques and 
folding of the side edges of the filter sheets at 
the seal have been proposed, to avoid these 
problems, but none have been fully successful. 

35 Canadian patent No. 742,053 issued Septem- 
ber 6, 1966 to David B. Pall and Herbert L. 
Foreman, describes a reversed lapped seam 



side seal, wherein the outer surfaces of the 
adjacent sheet portions are brought together 
in face-to-face relationship with a self-sustain- 40 
ing ribbon of bonding agent therebetween 
bonding the sheet portions together to form a 
leak-proof seal. However, in this type of 
seam also, the bonding agent presents an area 
of nonporous material extending from the 45 
inner surface to the outer surface of the filter 
sheet. 

In the manufacture of cylindrical filter 
elements with ultrafine removal ratings, it is 
frequently advantageous to use a very thin 50 
filter sheet, since a thin sheet presents less re- 
sistance to fluid flow than a thick one. Such 
sheets tend to be fragile, and it is for this 
reason desirable to reinforce the thin sheet 
against rupture due to applied pressure in 55 
both directions, and against mechanical dam- 
age by handling during and after fabrication, 
by surrounding it with relatively thicker and 
stronger layers of more open foraminous sheet 
materials. The resulting multilayer structures 60 
with generally tapered or stepped pores are 
particularly difficult to seal together in a 
cylindrical form, because an adhesive of suffi- 
ciently low viscosity to penetrate the coarse 
layers tends to be rapidly drawn away by the 65 
finer capillarity of the finer layers, with the 
resuk that the coarser layers are starved of 
adhesive, and imperfectly sealed together. For 
this reason, such seals tend to be very un- 
reliable, and permit passage of solids through 70 
the filter elements by edgewise flow through 
the interposed coarser layers at the seal. 

A further difficulty with wide seam sealed 
cylindrical filter elements is the bonding of 
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end caps to the open ends of the cylinder. The 
adhesive systems used to bond the end caps 
to the ends of the side sealed pack usually 
adhere very well to the filter media layers, 
5 since these are porous and consequently ab- 
sorb some of the adhesive, forming a good 
bond. The same is not true with respect to 
the layer of adhesive holding the side seam 
seal together. In many systems, there is zero 
10 adhesion between the adhesive system of the 
end cap and the adhesive in the side seam 
seal. Consequently, it frequently happens that 
a poor seal is formed at the adhesive layer, 
with the result that a leakage path can be 
15 formed under fluid pressure across the filter 
element. Since the adhesive extends from the 
outer surface to the inner surface of the filter 
sheet across the seam, the result is a potential 
bypass route for fluid which does not pass 
20 through the filter. 

A potential leakage path of this sort cannot 
be tolerated in cylindrical filter elements in 
which the filter sheet is of a porous size such 
that the filter can be used in filtering out 
25 harmful microorganisms such as yeasts or 
bacteria. The development of such a leakage 
path in use under high fluid pressure will 
result in the organisms bypassing the filter, 
with possibly disastrous consequences. 
30 It is quite difficult in cylindrical filter ele- 
ments formed of sheet materials to provide a 
filter cartridge having a sufficient thickness to 
provide in-depth filtration, a characteristic that 
is particularly desirable in filtering some kinds 
35 of contaminants from fluids. Generally speak- 
ing, the longer and the more devious the path 
that a fluid must follow in passing through a 
filter, the better the chances of removing any 
suspended material which is small enough to 
40 enter the filter pores. The reason is that such 
material although capable of passing through 
the pores tends to become lodged in crevices, 
nooks and crannies along the pores. The 
longer and more tortuous the port, the more 
45 nooks, crevices and crannies along its length, 
and therefore the higher the removal rating 
for such particles. 

Nonwoven fibrous mats and bats are pre- 
ferred in-depth filter materials, but these 
50 ... materials do not lend themselves to the 
formation of cylindrical filter elements capable 
of resisting high differential pressures, because 
of the low tensile strength of such materials. 
It is especially difficult to bond the edges of 
55 a sheet of nonwoven fibrous material together 
in a side seam seal. Accordingly, such mater- 
ials are usually used in cylindrical filter ele- 
ments only in conjunction with backup filter 
sheets of the conventional type, which can be 
60 bonded together in a side seam seal to prevent 
the passage of panicles that happen to pene- 
trate through the in-depth filter mat or bat. 
If back flow is possible, such mats also re- 
quire an external support, so that the mat is 



in effect confined between concentric materials, t>5 
of which either or both can be a filter sheet. 
The requirement for a backup filter increases 
the cost of such elements, as well as making 
it more difficult to bond together the several 
layers to the end caps in a leak-tight seal. 70 

It is also difficult to control the density and 
porosity of nonwoven fibrous mats and bats. 
The size of the pores between the fibers is of 
course dependent upon the spacing of the fibers 
from each other, which in turn is controlled 75 
by the density or the degree of compression of 
the layer. If the layer be confined between two 
rigid surfaces, it is possible of course to com- 
press the layer, and to thereby obtain some 
control over the density, but it is not easy in 80 
this way to achieve uniform porosity control 
from filter element to filter element. 

Cylindrical filter elements have also been 
formed by winding fiber or yarn in opposed 
spiral or helical laps about a mandrel, to form 85 
what is known in the trade as a "wound" or 
"honeycomb" element. The expression "honey- 
comb" is used because filters so made are 
characterized by alternating low or open areas 
at the interstices between the fibers and high 90 
density fibrous or closed areas, where the 
fibers overlap and cross, extending through 
the thickness of the element. For this reason 
such filters tend to be inefficient, since the 
open areas pass large particles and tend to 95 
unload collected solids during periods of vary- 
ing flow, while the denser areas have lower 
permeability and therefore see less flow of 
the fluid filtered. The fibers or yarn used for 
such elements is spun from relatively coarse 100 
fibers, no commercially used cartridge having 
fibers less than about 12 «m diameter, while 
most are in the 20»m or larger range. The 
fibers in the yarn are parallel or nearly paral- 
lel to each other, which represents a very 105 
inefficient orientation for filtration purposes. 

Still another configuration in which com- 
mercially available filter elements are made 
is accomplished by winding a preformed non 
woven sheet or web of resin-bonded spun 110 
glass fibers around a perforate mandrel into 
the form of a cylinder. U. S. patent No. 
3,268,442 to David B. Pall, Sidney Krakauer, 
Chesterfield Franklin Siebert, Marcel G. 
Verrando and Cyril A. Keedwell, patented US 
August 23, 1966 proposed to control the 
density of nonwoven bats by winding up the 
bat to form a spirally wound cylinder with two 
or more layers of differing density and di- 
ameter, using fibers of different sizes in the 120 
spirals. Such elements can have graded density, 
but they suffer from the necessity of adding 
a substantial proportion of resinous binder to 
anchor the glass fibers, and in fact some 
"media migration" (release of fiber down- 125 
stream) occurs even when resin binder is 
used, due in part to the brittle nature of the 
glass fiber. The use of a resin binder limits 
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the usefulness of the elements, since the resins 
used for this purpose are attacked by various 
reagents. 

In all of the techniques used previously to 
5 form cylindrical filter cartridges, sheet mater- 
ial is used as the starting material, and the 
dimensions of the cartridge are accordingly 
circumscribed by the dimensions of the start- 
ing sheet. If a filter cartridge of high flow 

10 capacity and surface area is required, it is 
very difficult to achieve it by increasing the 
size of the filter. One cannot merely increase 
the length of the cartridge, because of the 
difficulty of finding sheet material of such a 

15 length, and of forming long sheets into cart- 
ridges. Consequently, the art has resorted to 
the use of filter cartridges of relatively 
standardized lengths, butting cartridges to- 
gether, end to end, and sealing them together 

20 at their ends to form a filter cartridge of a 
longer-than-standard length. Butting cart- 
ridges together is a satisfactory resolution of 
the difficulty in some respects, but the joints 
afford additional leakage paths, which can be 

25 a source of trouble in operation of the com- 
posite. 

In accordance with the invention, there is 
provided a process for forming nonwoven webs 
of thermoplastic fibrous material in a seamless 

30 cylindrical configuration, which comprises 
spinning molten thermoplastic material in the 
form of a plurality of continuous filaments 
from a plurality of spinning die orifices ap- 
plying a gas blast at the spinning die orifices 

35 directed generally in the direction of projec- 
tion of the fibers from the orifices to attenuate 
and disrupt them into fibers of discrete lengths, 
and collecting and winding the fibers directly 
on a rotating mandrel to form thereon a gen- 

40 erally spirally wound cylindrical layer of ran- 
domly oriented heterogeneously intermingled 
spun fibers. 

Such a seamless cylinder can be made in 
any thickness and length desired, of any 

45 thermoplastic polymeric fiber-forming mater- 
ial. Control of the density of the wound cart- 
ridge during laydown controls the voids volume 
in the cylinder that is obtained. Such cylinders 
are particularly useful as filter elements, 

50 whether in cylindrical or (collapsed or slit) 
sheet form. 

A particular advantage of this method is 
that it makes possible the laydown of very 
fine fibers, which are preferred for filter ele- 

55 ments having fine pores and a high proportion 
of voids volume. Fibers that are less than 10« 
and can range below 0.5« down to O.lu can 
be spun and laid down onto the rotating man- 
drel. 

60 Nonwoven fabrics, which find application 
as filters, as well as for many other uses, such 
as clothing, clothing intcrliners, thermal insula- 
tion, padding, etc., have been made by numer- 
ous methods in which the fibers are laid on a 

65 moving belt. Such a manufacturing method 



may start with natural or synthetic fibers 
which are dispersed in fluids and then deliver- 
ed to the belt, or the fibers may be made by 
forming in situ as for example, by mechanic- 
ally drawing them from bulk via spinnerets, 70 
or by attenuating them using compressed air, 
steam or other fluids, or by spinning into a 
liquid bath. The fibers have been bonded to 
each other by virtue of mechanical entangle- 
ment, or by virtue of softening all the fibers, 75 
or by softening a lower melting portion of the 
fibers, or by application of thermoplastic or 
thermosetting resins, or by inorganic bonding 
agents such as alumina or silica sols. 

All these methods are characterized by the 80 
following common factors: 

A. A band of material at the edge of the 
web is non uniform, tapering from full thick- 
ness to zero. The "selvedge" must be cut off 
and discarded, and is a serious cause of loss, 85 
especially in narrow webs, and 

B. To achieve a web of given width, fiber 
spinning means of width greater than the web 
must be provided. 

Processes within the invention may be 90 
operated so as to make webs which are es- 
sentially free of waste. Webs of any desired 
width can be made independently of the width 
of the fiber spinning means. 

In one particular form of the invention, 95 
molten thermoplastic resin is spun by a multi- 
orifice die. 

The application of a gas blast at the orifices 
of the spinning die directed generally in the 
direction of projection of the fibers from the 100 
orifices attenuates and disrupts the fibers be- 
fore or during laydown on the mandrel into 
discrete lengths. 

. Control of density of the resulting cylinder 
can be obtained by spacing the orifices of the 105 
spinning die at different distances from the 
rotating mandrel, and attenuating the fibers 
before laydown on the mandrel. A spinning die. 
of course has a plurality of such orifices. If 
the face of the spinning die bearing the orifices 110 
is arranged at an angle to the mandrel, some 
orifices will be at a greater distance from 
the mandrel than others. The result is that 
some fibers travel over a greater distance than 
others, before they are collected on the man- 115 
drel. The shorter the distance the fibers travel 
between the orifice and the mandrel, the great- 
er the density of the layer collected therefrom. 
Consequently, by arranging to lay down first 
the fibers from those orifices closest to tie 120 
mandrel, a greater density is obtained in the 
portion of the layer that is closest to the man- 
drel than in the portion where the fibers come 
from orifices at a greater distance from the 
mandrel. Alternatively, the fibers from orifices 125 
at the greatest distance from the mandrel can 
be laid down first. It is possible in this man- 
ner to lay down a cylinder having a greater 
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or lesser density at the center, gradually or 
abruptly decreasing or increasing towards the 
outer surface of the cylinder. 
The process affords flexibility in the dimen- 
5 sions and number of orifices as well as the 
spacing of the orifices in the spinning die. 
Large size continuous dies such as are re- 
quired to lay a wide web on a moving belt 
are difficult to construct, and certain size 

10 limitations cannot be practically exceeded, but 
in the process of this invention there is no 
limit on the number and location of the 
spinning dies. Because each element of the 
simultaneously rotating and axially translating 

15 web is impinged upon equally by every part 
of each die used, regardless of its location, 
the dies can be arranged about the mandrel 
in any spacing and orientation, to provide for 
a Iaydown of any desired number of fibers 

20 per unit interval. Multiple narrow dies which 
are easier and less costly to construct can be 
used, in a number to provide for fabrication 
of the web at any desired size and rate of 
production. 

25 of multi P le spinning dies makes it pos- 

sible to lay down different fibers in a pre- 
determined sequence, so as to lay down fibers 
of different softening point, and then further 
bond them together, or to bond the web to 

30 other web or webs by softening the lower 
softening point fibers, or fibers of different 
solvent susceptibility, so as to render the sur- 
face of one kind tacky by solvent, but not the 
other, or fibers of different tensile strength, 

35 so as to strengthen the cylinder, orfiberijaf 
differingdameter, and so on. 

The brushed cylinder of nonwoven fibrous 
sheet material can be drawn off the mandrel 
along the longitudinal axis of the mandrel and 

40 this can be done c ontinuo usly as the fibers are 
be jngsp un, so that "the cylind er is contin uously 
formed: at one end of the ma ndrel and con- 
tinuously withdrawn at the other, while the 
mandrel is rotating.^wTthdrawaTof the cylin- 

45 der from the mandrel is facilitated by taper- 
ing the mandrel so that it has a larger di- 
ameter at the cylinder-forming end than at the 
cylinder-withdrawing end. 
It is not necessary to apply a bonding agent 

50 or adhesive to hold together the fibers in the 
resulting nonwoven fibrous web. The fibers 
become thoroughly entangled during Iaydown 
on the mandrel, and are maintained in juxta- 
position in the web by virtue of this entangle- 

55 nient. If the fibers are soft and adherent at 
the time they strike the mandrel, they may be- 
come bonded together at their crossing points 
in the course of windup on the mandrel. The 
process can however be controlled so that the 

60 fibers while molten at the time they emerge 
from the orifices of the spinning die harden, 
become solidified, and are non tacky at the 
time they reach the mandrel and are wound 
up. Such fibers have their dimensions fixed 
at the time the cartridge is formed and better 



control of the size of the pores is therefore 
obtained, since the fibers have little or no 
tendency to become distorted in a random 
manner during windup. 

The seamless cylinder that is obtained can 70 
be treated in any desired manner, and then 
be cutjata selected lengths. If the cylinder is 
rigid enough, it will retain its cylindrical shape, 
and tfiejengths can then be formed into filter 
cannages with or withouLjfiErapplication of 75 
int ernal ^ and/or external supports and end 
caps, using conventional teenmques. Non-rigid 
cylinders can be provided with internal or ex- 
ter nal sup ports, or may be used as bags with 
flow trom inside to out, with one or both 80 
ends open. 

As an alternative procedure, however, if 
the fibrous sheet material is sufficiently flex- 
ible, the cylinder can be flattened, and wound 
up as a flattened double layer sheet with the 85 
edges held together and therefore nonraveling, 
from which sections of sheet can be cut off 
m the lengths desired. The cylinder can also 
be slit longitudinally, and opened out to form 
a single-layer filter sheet. Both such types of 90 
sheets are useful as filter elements. While the 
cylinder and sheet materials of the invention 
find particular application as filter elements, 
they are useful generally in the manner of non- 
woven fibrous webs, as insulation, liners or 95 
lnterhners in building construction, packaging 
materials, clothing, refrigeration and heating 
systems, carpeting and other floor coverings, 
engine housings for machinery, automobiles, 
trucks and buses, farm equipment and machine 100 
tools, to mention only a few examples. 

By means of the invention it is possible to 
provide a seamless filter element, which can 
be in cylindrical or sheet form, or indeed any 
other configuration obtainable by shaping these 1 05 
two basic forms, comprising a generally spiral- 
ly wound layer of randomly oriented hetero- 
geneously intertwined spun fibers less than 
10a and preferably less than 5 a in diameter, 
of any desired depth and density, and having 110 
a voids volume of at least 60%, preferably at 
least 70 / c and more preferably at least 85%. 

Preferred embodiments of the process and 
products of the invention are shown in the 
flow sheets of the drawings, in which: 115 

Figure J represents an embodiment of the 
process of the invention for producing a cylin- 
der of graduated density from the inner to the 
outer surfaces thereof in selected cut lengths 
useful as a filter; ^ 120 

Figure 2 shows in longitudinal section one 
orifice of the spinning die of Figure 1, having 
an array of orifices embraced by nozzles for 
directing a gaseous blast for attenuating and 
disrupting the molten filaments spun through 125 
the orifices; 

Figure 3 shows in prespective the spinning 
die of Figure 2; 

Figure 4 represents in longitudinal section 
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a cylinder obtained by the process of Figure 1 
made into a filter cartridge enclosed by end 
caps and supported on an internal core; 

Figure S represents a cross-sectional view 
5 taken along the line 5—5 of the filter cart- 
ridge of Figure 4; 

Figure 6 represents another process embodi- 
ment in which a cylinder of relatively flexible 
fibrous sheet material is flattened after being 
10 drawn off from the mandrel to form a bi- 
layered sheet material, and then rolled up; 

Figure 7 represents a third embodiment of 
the process of the invention in which the 
cylinder is laid down on a tubular forminous 
15 mandrel which is also continuously extruded 
through a die and itself serves as a permanent 
core for the resulting filter element; which is 
accordingly completed simply by applying end 
caps; 

20 Figure 8 represents a longitudinal section 
through a filter element obtained by the pro- 
cess of Figure 7; 

Figure 9 represents a cross-sectional view 
taken along the line 9—9 of Figure 8; 

25 Figure 10 represents a fourth embodiment 
in which a cylinder is laid down on a tubular 
foraminous mandrel that is preformed by an 
extrusion or other forming process and itself 
serves as a permanent core for the resulting 

30 filter element; 6 
Figure 11 represents in longitudinal section 
a flattened spirally wound filter element pre- 
pared by the process of Figure 10, made mto 
a filter cartridge supported on an internal core; 

35 Figure 12 represents a cross-sectional view 
taken along the line 12—12 of the filter 
cartridge shown in Figure 11; 

Figure 13 represents a longitudinal section 
through a filter element obtained by the pro- 

40 cess of Figure 10; and 

Figure 14 represents a cross-sectional view 
taken along the line 14—14 of Figure 13. 

The process of the invention is applicable 
to any thermoplastic resinous material that can 

45 be spun through the orifices of a spinning die 
or spinnerette to form fibers that are self- 
supporting. Exemplary thermoplastic materials 
include polyamides, polyacrylonitrile, linear 
polyesters such as esters of ethylene glycol and 

50 terephthalic acid, polyvinylidene chloride, 
polyvinyl chloride, copolymers of vinyl chlor- 
ide and vinyl acetate, polyvinyl butyral, poly- 
vinyl acetate, polystyrene, silicone resins, 
polypropylene, polyethylene, polytrifluoro- 

55 chloroethylene, polymethylpentene, and poly- 
isobutylene. Also within this category are 
thermoplastic cellulose derivatives, such as 
cellulose acetate, cellulose propionate, cellulose 
acetate-propionate, cellulose acetate-butyrate 

60 and cellulose butyrate. Non resinous materials 
such as glass car. be similarly processed. 

The fibers can be spun to any desired di- 
ameter. Monofilaments are usually preferred 
but multifilaments can also be spun. Both are 



referred to herein generically as fibers. The 65 
filaments can have any desired cross-sectional 
configuration, generally round, but also ellipti- 
cal, square, hourglass, triangular, pentagonal, 
V- or U-channel, T-shaped or I-shaped, or 
other cross-sectional shapes, and can be solid, 70 
tubular, or cellular or foamed. 

The process can utilize filaments of any di- 
ameter. Coarse fibers have diameters from lQ^x 
to 50 or 100a or higher. Fine fibers have di- 
ameters below lOu and preferably below 5u 75 
and lu down to 0.1 u or less. Fine filaments 
generally give a nonwoven web having a finer 
pore size, and coarse filaments generally give 
a nonwoven web having a larger pore size. 

Filaments of different sizes can be used in 80 
different regions of the cylinder. For ex- 
ample, fine fibers from one set of orifices can 
be laid down first in the interior portion of 
the cylinder, and coarse fibers from another 
set of orifices can be laid down in the exterior 85 
portion of the cylinder. This will give a 
cylinder of graded and tapered pore size, de- 
creasing from coarse to fine from the exterior 
to the interior of the cylinder in the manner 
described in U. S. patent No. 3,158,532 to 90 
David B. Pall and Cyril A. Keedwell patented 
November 24, 1964. Blends of fine and coarse 
fibers can be laid down throughout the depth 
of the filter cylinder by employing a spinning 
die having mixed diameter orifices, with a 95 
variety of diameters extending from fine to 
coarse, for example. 

Any conventional spinning die or spinnerette 
can be used. Such dies are available and well 
known in the fiber-spinning art, and form no 100 
part of the instant invention. The term 
"spinning die" will be understood to include 
spinning nozzles; spinnerettes; reservoirs faced 
with a plate including a plurality of orifices in 
any desired size and pattern; and centrifuges 105 
or rotors having a plurality of orifices about 
their periphery, through which the fibers are 
spun by centrifugal force. Fiberizers, rotating 
wheels and discs, and like materials are also 
included. \\q 
t A preferred type of spinning die has open- 
ings arranged circumferentially about the in- 
dividual orifices, or array thereof, adapted to 
discharge a gas at high but controlled velocity 
along the central axis of the orifice. The 115 
gaseous blast attenuates the fibers, and tends 
to disrupt them so that they are broken up 
mto discrete lengths, which can be adjusted 
according to the velocity and volume of the 
gaseous blast. If a centrifugal rotor is used, 120 
the openings for discharge of the gaseous blast 
can annularly surround the rotor. If a plurality 
of spinning orifices or nozzles are used, the 
blast can be emitted from jets arranged about 
the circumference of the individual jets or 125 
nozzles. In the case of a spinning die with a 
plurality of orifices in a plate, the blast can 
be emitted at the periphery of the spinning 
die. A typical arrangement is shown in 
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Figure 2, where a spinning nozzle is illus- 
trated. 

The gaseous blast can be heated, so as to 
retard the cooling of the fibers. The gaseous 
5 blast can also be a cold blast, to accelerate the 
cooling of the fibers, and thereby their rate of 
solidification. Thus, by the use of the gaseous 
blast the time interval during which the fibers 
harden and solidify can be controlled. If the 

10 fibers are kept hot longer, the attenuation is 
increased, and if the fibers are cooled more 
rapidly, the attenuation is decreased. Thus, in 
this way some control over the length of the 
fibers is also obtained. 

15 The polymeric material of which the fibers 
are spun is maintained in molten condition at 
the time of spinning. The temperature of the 
melt is adjusted to obtain a molten material 
of the desired viscosity at the time the material 

20 emerges from the orifice. This also gives some 
control over the degree of attenuation and the 
lengths of the fibers, since a more viscous 
material tends to be more cohesive and less 
attenuated by the gaseous blast and since it is 

25 generally at a lower temperature, will also cool 
more quickly and therefore solidify in a shorter 
time. 

The distance between the orifices of the 
spinning die from the rotating mandrel is con- 
30 trolled so that by the time the fibers reach 
the mandrel they have cooled sufficiently so 
as to be shape-retaining. They may still be 
soft, and therefore adhesive, so that they tend 
to stick together at their crossing points. They 
35 may also be fully solidified, so that they do 
not adhere to one another, in which condition 
they retain their shape entirely. They are col- 
lected in a randomly oriented heterogeneous 
intertwined arrangement on the mandrel, since 
40 virtually no control is exercised over the path 
the fibers follow in their trajectory from the 
spinning die to the mandrel. By the time the 
fibers reach the mandrel, they are already 
broken up or disrupted into discontinuous 

45 lengths. In all probability, therefore, there is 
very little attenuation of the fibers by the ro- 
tating motion of the mandrel, and any at* 
tenuation is usually obtained only by the gase- 
ous blast and by the normal attenuation ob- 

50 tained by the weight of the solidifying or 
solidified fiber applied to the molten portion of 
the fiber at the orifice. 

The fibrous material collected on a rotating 
mandrel tends to be laminar in form, the 

55 material collected during each successive ro- 
tation forming a single lap or layer. If the 
distance from the die to the mandrel or cvlin- 
der collecting surface is small, 3 inches to 4 
inches, the fibers in the adjacent layers be- 

60 come firmly entangled, such that it becomes 
difficult or impossible to distinguish or separ- 
ate the layers. If the die-to-collecting-surface 
distance is relatively large, 12 inches to 18 
inches, the layers can be separated from each 

65 other but adhesion is sufficient to permit the 



product to be very useful in many filtration ap- 
plications. The thickness of each layer in the 
lapped weg obtained depends upon the rate of 
the rotation of the mandrel, which from a 
practical point of view is not critical between 70 
wide ranges. As a rule, it is desirable for the 
mandrel to rotate at a rate such that each por- 
tion of the collected web cylinder contains 
two or more layers. 

If the distance from the orifices of the 75 
spinning die to the collecting surface is rela- 
tively large, and the spacing of the orifices 
relatively coarse, there may be "roping" (in- 
tertwining or spiral twisting of filaments to 
produce a heavy yarn or rope) of the filaments 80 
from adjacent orifices before laydown. Some 
"roping" can be tolerated without a materially 
harmful change in the characteristics of the 
cylinder. As "roping" increases, however, the 
cylinder begins to acquire the characteristics 85 
of a "honeycomb" cylinder, which may be un- 
desirable. 

In general, at a distance of from 3 to 4 
inches, there is no "roping", while at a dis- 
tance above 12 inches "roping" becomes severe. 90 
Over the intervening distances, from 4 inches 
to 12 inches, "roping" appears and becomes 
increasingly severe. The distance can thus be 
adjusted as required to avoid or control the 
amount of "roping". 95 

For liquids filtration, uniformity of laydown 
is important, and the distance is thus prefer- 
ably from 3 to 5 inches. For gas filtration, it is 
desirable to obtain high voids volume in order 
to reduce pressure drop across the nonwoven 100 
web, and the distance is thus preferably from 
7 to 10 inches to obtain a lower density lay- 
down with a moderate proportion of "roped" 
filaments. 

Another way of controlling "roping" is to 105 
increase the spacing of the orifices of the 
spinning die. In a conventional spinning die, 
the orifices are rather close together, and a 
spacing of twenty to fifty orifices per linear 
inch is standard. This spacing gives severe 110 
"roping" at distances over 12 inches. 

On the other hand, an increase of the spac- 
ing to from ten orifices per linear inch down 
to one orifice per linear inch virtually precludes 
if it does not eliminate "roping"/While this 115 
increases the size and length of the spinning 
die or dies, this is perfectly acceptable in the 
process of the invention. 

By placing the spinning die or die combina- 
tion so that some orifices thereof are closer to 120 
the rotating mandrel than others, and atten- 
uating the fibers before laydown, using a 
gaseous blast or other attenuating means, it 
is possible to vary the density of the mat or 
web that is wound up on the mandrel. The 125 
distance between the orifice and the collecting 
surface determines the density of the mat; the 
shorter the distance, the higher the mat 
density. Accordingly, by varying the distance, 
such as by setting the spinning die at an angle 130 
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in the manner shown in Figure 1, the density 
in the resulting mat is easily controlled. An 
effect is obtained at very small angles, as 
small as one or two degrees, but normally the 
5 angle would be within the range from 5 to 45 
degrees, the angle being measured between 
the orificed surface of the spinning die and 
the longitudinal axis of the mandrel. In the 
preparation of variable density mats, the 

10 spinning die may have a flat or plane surface 
bearing the orifices, or one or more dies pro- 
viding angled or radiused surfaces, which pro- 
duce a less linear variation in density from the 
inner to the outer diameters of the web, may 

15 be preferred. 

If each orifice in the spinning die is at a 
gradually increasing distance from one end 
to the other of the die or dies, the resulting 
cylinder will have a gradually increasing or 

20 decreasing density. Rather sharply defined 
stepped layers of differing densities can be 
obtained by arranging the orifices of the 
spinning die in groups, with each orifice in 
each group being at the same distance from 

25 the mandrel. In this event, the spinning die 
surface is arranged in a series of steps with 
respect to the mandrel. Other variations will 
be apparent. 

Cylindrical webs or tubes can be formed in 

30 a continuous or an intermittent manner. 

If the intermittent system is used, the man- 
drel is rotated in the stream of fiber effluent 
from the fiberizing die until a cylinder of the 
desired thickness is built up. The cylinder so 

35 formed then is removed from the stream of 
fibers, either with the mandrel, or by rapidly 
pulling it off the mandrel. A new cylinder is 
then built up on the mandrel or its replace- 
ment. 

40 The tube which is so formed may then 
have its end trimmed. At this point, if thick 
enough to be self-supporting, it forms a usable 
filter element. If the tube is relatively thin- 
walled, it will still function as a finished ele- 

45 ment if it is provided before or after forming 
with a foraminous internal core or external 
support. 

In the continuous mode of operation, the 
cylinder formed on the mandrel is continuous- 
50 ly withdrawn from the mandrel; in this man- 
ner, cylinders of any desired length can be 
made. 

Thickness of the web laid down on the 
mandrel is adjusted in the intermittent mode 
55 of operation by the diameter of the mandrel, 
the rate at which the fibers are extruded, the 
density of the collected fibrous structure, and 
' the time allowed for laydown. In the con- 
tinuous mode, thickness is adjusted by the 
60 diameter of the mandrel, the rate at which the 
fibers are extruded, the density of the collected 
fibrous structure, and the rate at which the 
cylinder is withdrawn from the laydown zone. 
The rotating mandrel on which the mat is 
65 laid down can be rotated in a fixed position, 



in which event the finished cylinder is drawn 
off the end of the mandrel, using for example 
a pair of drawing rolls, in the manner shown 
in Figure 1 or rolled up in a flattened state as 
shown in Figure 6. To facilitate slipping off 70 
of the cartridge from the mandrel, the man- 
drel can be tapered so as to diminish in di- 
ameter towards the end at which the cartridge 
is drawn off. 

When making relatively thicker wall tubes, 75 
for example with wall thickness in excess of 
1/4 inch to 1/2 inch, the fibers may become 
softened due to the extended exposure to the 
impinging flow of hot gas. This is particu- 
larly the case where the die to mandrel dis- 80 
tance is small, for example less than 4 inches 
to 7 inches. In order to avoid the consequent 
densification and shrinkage, it is often desir- 
able to introduce cooling, which can be ac- 
complished by various means, for example by 85 
internally cooling the collecting mandrel, as 
by flowing cold water through it, or by cooling 
the fibrous mass by blowing cold or room 
temperature air at and through it from the side 
opposite the die, or by blowing cold air 90 
through an appropriately perforated mandrel. 

After the cylinder is drawn off from the 
mandrel, it can be further processed in various 
ways. It can for example be impregnated with 
a resin binder or impregnant to obtain a more 95 
rigid structure, or to reduce porosity. Addi- 
tives can also be added thereto. For instance, 
if the cartridge is to be used for water treat- 
ment purposes, it can be impregnated with a 
bactericide, or fungicide, or other water- treat- 100 
ing material which is to be dissolved in the 
water passed through it. 

Additives can also be incorporated by feed- 
ing them into the stream of fibers from the 
spinning die orifices before laydown. Such 105 
additives can include for example diatomace- 
ous earth, glass or other organic or inorganic 
fibers, surface-active agents, fillers (such as 
silicone resins, polytetrafluoroethylene, and 
hydrophobic silica,) and binder resins in liquid 110 
droplets or solid form. 

The cylinder can be cut into lengths, and 
processed further to form a cylindrical filter 
element. This may include the application of 
internal core and external sheath supports, and 115 
end caps to each open end of the cylinder, 
sealing the end caps to the cylinder, core and 
sheath using an adhesive. The end caps will 
be shaped so as to fit within the filter assembly 
in which the resulting filter element is to be 120 
used. 

While the process of the invention is par- 
ticularly adapted to form cylindrical filter 
cartridges which are used in their cylindrical 
shape, the process also makes it possible to 125 
form sheets having the characteristics of non- 
woven fibrous webs in continuous lengths and 
considerable widths, useful as filters and for 
many other applications. The width of such 
a sheet is determined by the diameter of the 130 



rotating mandrel. A double sheet can be 
formed simply by collapsing the cylinder 
drawn off the mandrel, and a single layered 
sheet can be obtained by slitting one side of 
5 this tube and opening it out, so that the re- 
suiting sheet has a width equal to the circum- 
ference of the mandrel. The sheet can also be 
cut into any desired widths less than this 
circumference. 
10 The apparatus shown in Figures 1 to 3 in- 
cludes a spinning die 1 whose face 2 has an 
array of orifices 3 of uniform size. (See 
Figure 2 and J.) The spinning die is supplied 
with molten thermoplastic polymeric material 
1 5 such as polypropylene from a reservoir 4 which 
is fed by the inlet line 5 carrying molten 
thermoplastic polymeric material from an ex- 
truder or other source of supply (not shown) 
under a pressure sufficient to project the mate- 
20 rial through the orifices of the die, thereby 
forming a plurality of molten fibers 10. 

The fibers traverse a short air space 11, in 
the course of which they are attenuated and 
solidify, and arc collected on a tapered rotai- 
25 ing mandrel 12, one end of which is held to 
the shaft 13 of an electric motor 14, which 
is arranged to rotate the mandrel at a relatively 
slow speed, approximately 3 to 5 feet per 
second in this instance. The fibers are ran- 
30 aomly oriented and heterogeneously inter- 
mingled i.e. intermingled in a varied way as 
they are wound up on the mandrel, forming 
a generally spirally wound mat of nonwoven 
fibrous material 15. 
35 The spinning die is set at an angle of ap- 
proximately 20° to the mandrel, so that the 
orifices at the lower end 7 are much closer to 
the mandrel than the orifices at the upper end 
8. The result is that the fibers emerging from 
40 end 7 have a shorter distance to travel before 
they reach the mandrel than the fibers emerg- 
ing from end 8. Consequently, the portion 16 
of the nonwoven fibrous mat formed of fibers 
laid down from the orifices at the end 7 nas 
45 a higher density than the portion 17 of the 
mat formed of fibers laid down from the 
orifices at the end 8. 

The cylinder 15 as it is being formed is 
drawn continuously to the right by the canted 
50 rollers 20 and 21. By the time an element of 
the cylinder has reached the end of the man- 
drel, it has reached its final thickness, and is 
then pulled off the mandrel. A taper of the 
mandrel, generally 2° or more, facilitates this 
55 removal. The cylinder then approaches the 
cutoff wheels 22, where it is separated into 
lengths 23. 

The resulting cylinder lengths can be used 
directly as filter cartridges, or they may be 

60 convened by inserting cores 24 and sheaths 
25, and then apply end caps 26, 27, thereby 
forming a finished filter element as best seen 
in Figures 4 and 5. The open central passage 
28 of core 24 is in fluid flow connection with 

65 the central opening 29 in end cap 26. End cap 



27 is closed, thus compelling fluid to pass 
through the filter sheet 15 in order to reach 
the central passage 28, when the filter element 
is inserted in a filter assembly. The gradation 
in density of the filter element from the in- 70 
tenor to the exterior is clearly evidenced by 
the increasing size of the pores 19 in the filter 
element. 

The apparatus shown in Figure 6 has a 
spinning die 30 whose orificed face 31 is ar- 75 
ranged parallel to the longitudinal axis of the 
mandrel 32 so that all of the orifices 33 are 
equidistant from the surface of the mandrel. 
This produces a cylinder of nearly uniform 
density from the interior to the exterior sur- 80 
face. In this case, also, the rotating mandrel 
32 is tapered and attached to the shaft 34 of 
a motor 35, but the mandrel in this case is of 
considerably larger diameter than the mandrel 
12 of Figure 1, and has a large circumfer- 85 
ence. The mat 36 that is laid down on the 
mandrel is not intended to be used in tubular 
form, but instead is flattened as it is with- 
niandrel by the flattening 
rollers 37,38 and then rolled up to form a Qn 
spiral roll 39. The result is a double-layered 
sheet of nonwoven fibrous material, the side 
ends of which are nonravelling because thev 
arc interconnected in collapsed tubular form. 
This is consequently a very coherent filter 95 
sheet of nonwoven material, whose fibers are 
nonmigrating. 

A sheet double this width can be obtained 
by slitting the tube along one side, imposing 
a cutting knife between the end of the mandrel 100 
and the flattening rolls, which in this modifica- 
tion would be drawn off and opened up so that 
it would be spread out to form a one layered 
sheet, double the width of the flattened tube. 
The opened out sheet would then be wound 105 
up, in the manner shown in Figure 6. 

Instead of using a large diameter mandrel, 
as shown, and flattening the tube, the tube 
can also be withdrawn and retained in a 
tubular configuration, in the manner shown in 110 
ttgure 1, in which event it can be made into 
a cylindrical filter as shown in Figures 4 and 
3. It can also have a foraminous spacer in- 
serted in the center, and then formed into a 
spirally wound filter element of the type shown 1 1 5 
in Figures 11 and 12. 

In the processing system shown in Figure 7, 
the mandrel 51 forms the core of the resulting 
niter element, and the filter cylinder is not 
separated therefrom after it is formed. The 120 
mandrel 51 is made of thermoplastic polymeric 
material, but the material need not be fiber- 
forming and is extruded continuously in tubu- 
lar form with an open central passage 52, in 
a continuous length, in the same manner as 125 
the filter cylinder that is laid down thereon. 

The system thus includes a rotatable tubu- 
lar extrusion die 53 supplied with thermo- 
plastic extmdable polymeric material 54 such 
as polypropylene through the feed inlet 55, 130 
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from which the continuously rotating rigid 
tubular mandrel and core 51 is continuously 
extruded into a position to receive the fibers 
56 spun from the orifices 57 of spinning die 
5 58. Prior to receiving the fibers, the core 51 
is perforated or slit by cutting means 59 to 
provide a plurality of apertures 60 for passage 
of fluid therethrough into the central open 
passage 52 of the core. 

10 As an extrudable polymeric material, there 
can be used not only any of the thermoplastic 
materials used in forming the fibers but also, 
in addition, materials such as polycarbonates, 
polyoxymethylene, polytetrafluoroethylene, 

1 5 polychlorotrifluoroethylene, phenol-formalde- 
hyde, urea-formaldehyde, melamine-formalde- 
hyde, epoxy and polyvinyl fluoride polymers. 

The fibers 56 are spun onto this mandrel 
51 in the same manner as in Figure 1, and 

20 the composite core-plus-filter element 65 
formed thereon is drawn forward by the canted 
rollers 61, 62. Selected lengths 66 of filter 
element can then be cut off by die cutoff 
wheels 67. The resulting filter cartridge can 

25 be fitted with an external sheath 68 and end 
caps 69, 70 producing a finished filter ele- 
ment as shown in Figures 8 and 9, The end 
cap 69 has a central opening 71 in fluid flow 
connection with the central passage 52 of the 

30 core 51, while end cap 70 has no aperture. 
Consequendy, fluid entering the central pass- 
age 62 must pass through the filter sheet when 
the filter element is inserted in a filter as- 
sembly. 

35 In the processing system shown in Figure 
10, the preformed mandrel 71 also forms the 
core of the resulting filter element, which can 
be drawn off in cylindrical form as shown in 
Figure 7, or flattened with the core within as 

40 a foraminous spacer, as shown in Figure 10. 
Thus, the filter cylinder is not separated there- 
from after it is formed. 

The mandrel 71 is extruded in the form of 
netting, in a diagonal open mesh of thermo- 

45 plastic polymeric material. Since in manufac- 
ture the netting is extruded continuously, it 
can be in quite long lengths. The netting is in 
tubular form with a plurality of apertures 73 
for passage of fluid therethrough into the cen- 

50 tral open passage 74 thereof. The netting 71 
is supported on mandrel 83 which is supported 
at its far end on the core of the extrusion die 
80. The netting 71 moves into position to re- 
ceive the pore fibers 76 spun from the orifices 

55 77 of spinning die 78. 

As the extrudable polymeric material, there 
can be used not only any of the thermoplastic 
netting materials used in forming the fibers, 
but also, in addition, materials such as poly- 

60 carbonates, polyoxymethylene, polytetrafluoro- 
ethylene, polychlorotrifluoroethylene, phenol- 
formaldehyde, urea-formaldehyde, melamine- 
formaldehyde, epoxy and polyvinyl fluoride 
polymers. 

65 The fibers 76 are spun onto this mandrel 



71 in the same manner as in Figure 1, and 
the composite core-plus-filter element 75 
formed thereon is drawn forward and flattened 
by rollers 81, 82, and the resulting bilayered 
sheet 84 with internal bilayered netting 71 is 70 
then wound up on storage roll 85. 

Figures 11 and 12 show a spirally wound 
filter element made of the double-layered 
collapsed tubular sheet material 84, 71 that is 
obtained using the system of Figure 10, The 75 
tube has two layers 40 and 41 which are 
attached together at their edges because of die 
tubular nature of the sheet 

The double-layered tubular sheet 84, 71 is 
spirally wound on a cylindrical core 42 pro- 80 
vided with a longitudinal slot 43. One end 44 
of the tube 84 is attached to the slot, and the 
tubing is then rolled several turns around the 
core, interleaved with another strip 45 of 
netting which serves as an external spacer for 85 
fluid flow. The internal netting 71 serves as 
an internal spacer for fluid flow. The outer 
end 46 of the tubular sheet is sealed. Fluid 
passes edgewise along the interleaved ex- 
ternal strip 45, thence through the tube walls 90 
40, 41, into the exterior of die tube 84 along 
the netting 71 into the core 43 and thus into 
the open interior 47 of core 42, which is 
closed at one end 48 so that all the fluid is 
delivered through the aperture 49 at the othei 95 
end. The core has an O-ring seal 50 for sealing 
attachment to a filter assembly (not shown). 

In an alternative configuration, strips of 
flat tubular web with the internal tube of flat 
tubular netting can be closed at one end, and 100 
the other attached to a tube sheet, by means 
of which a multiplicity of such tubes are con- 
nected to a single oudet, forming a large area 
"parallel plate" filter. 

This composite core-plus-filter element 75 105 
can also be drawn off in cylindrical form as 
shown in Figure L Selected lengths of filter 
element can then be cut off, The resulting 
filter cartridge can be fitted with an external 
sheath 88 and end caps 89, 90, producing a 110 
finished filter element as shown in Figures 13 
and 14. The end cap 89 has a central opening 
91 in fluid flow connection with the central 
passage 74 of the core 71, while the end cap 
90 has no aperture. Consequently, fluid en- 115 
tering the central passage 74 must pass through 
the filter sheet, when the filter element is 
inserted in a filter assembly. 

The following Examples represent preferred 
embodiments of the invention. 120 

EXAMPLE 1. 
A paper-board tube 3—1/2 inches outside 
diameter serving as a mandrel was placed 
approximately 4 inches from the nozzles of 
a 10 inch wide extrusion die or fiberizer fitted 125 
with twenty 0.015 inch diameter resin orifices 
or nozzles per linear inch, these orifices or 
nozzles being surrounded by hot air effluent 
from slots located above and below the nozzles. 
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Polypropylene resin was extruded through the 
orifices at a rate of approximately 11 lbs/ 
hour, and the air flow was adjusred to atten- 
uate the spun fibers to a diameter of 4 mi- 
5 crons. The paper-board tube was rotated at 
about 40 RPM, while being gradually moved 
axially away from the die, until an approxi- 
mately 3/8 inch wide web of entangled fibers 
had collected on the tube. The resultant taper- 

10 ended cylinder was removed from the man- 
drel, and the ends trimmed to 8.56 inches long. 
The outside diameter was 4 — 1/4 inches and 
the internal diameter was 3 — 15/32 inches. 
The cylinder was strong and rigid. While ex- 

15 amination of the cut ends showed a laminar 
appearance, it was not possible to unravel the 
cylinder by picking at the last lap with one's 
finger nails. Microscopic examination showed 
a quite uniform pore diameter of approxi- 

20 mately 15 microns. Ability to remove particles 
was further checked by bubble pointing, which 
indicated the largest pore diameter to be 9.5 
microns. The inner surface of the cylinder 
appeared to have a greater density than the 

25 outer surface. The cylinder was useful for 
filtering gases for liquids. 

EXAMPLE 2. 
A porous filter cylinder of pol ypropylene 
fibers was made in a manner similar to Ex- 

30 ample 1, except that a piece of one inch di- 
ameter round wooden dowling was used as 
a mandrel and the distance from the die 
nozzle to the mandrel was 12 inches. A much 
lower density, considerably softer filter cylin- 

35 der was obtained, which "after trimming was 
2.85 inches of outside diameter x 1 inch in- 
ternal diameter x 7.7 inches long. Visual ex- 
amination showed a quite uniform pore di- 
ameter of approximately 30 microns. The 



filter cylinder was particularly useful for fil- 
tering gases having the very low pressure drop 
of only 0.03 psi at 1.4 cfm of air. 



40 



EXAMPLE 3. 
A 10 inch wide fiberizing die mounted at the 
end of a plastic extruder capable of spinning 45 
filaments from two hundred orifices 0.015 
inch in diameter at a rate within the range 
from about 11 pounds per hour to about 37 
pounds per hour was arranged in the manner 
shown in the system of Figure /, at an angle 50 
of 20° to the mandrel. The spinning die was 
equipped with a heating system, so that it could 
be held at from 400 to 700° F, to maintain 
the plastic material (in this case, polypropyl- 
ene) molten during spinning and to supply hot 55 
air for attenuation. The distance between the 
orifices and the mandrel varied from 6 inches 
to 14 inches at the nearest and furthest points, 
respectively, as shown in Table I. The mandrel 
was rotated at a rate of 13.5 revolutions per 60 
minute, and was tapered, so that the diameter 
at the fiber-impact end was 1.06 inch and the 
diameter at the withdrawal end was 0.88 inch. 
The cylinder so formed was continuously 
drawn off the cantilevered end of the mandrel, 65 
and cut into 9 5/8 inch lengths. The cylinders 
were strong, self supporting, coherent migra- 
tion-free structures, with visibly denser struc- 
ture nearer the inside diameter. Average tem- 
perature of the extrusion die was 650° F, and 70 
average air temperature was 635° F. Various 
tests were run on the resulting cylinders, with 
the results shown on Table I. The maximum 
particle passed data refers to removal of solids 
suspended in water; removal from aerosols is 75 
considerably more efficient. The cylinders ob- 
tained were extremely useful for filtering both 
liquids and gases. 
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TABLE I 

RIGID FIBROUS TUBES MADE IN CONTINUOUS LENGTHS 
Run No. 12 3 



Die to mandrel distance, 
in forming end 

Die to mandrel distance, 
in puil-off end 

Polypropylene feed rate 
lbs hr. 

Air pressure psi 

Internal Diameter Inches 

Outside Diameter Inches 

Weight of 9-5 '8 in. length 
grams 

Voids volume c '< 

Ap at 1.4 scfm of air, 
inches water column 

First B.P, in alcohol 
inches water column 

Max, panicle passed microns 

Element is 99^ efficient 
at microns 



EXAMPLE 4. 
Using the system of Figure 6, and a tapered 
mandrel having a diameter of 3.94 inches at 
5 the larger end, polypropylene polymer was 
spun at 620° F at a rate of 11 pounds per 
hour onto the rotating mandrel. Temperature 
of the attenuating air was 630° F. The cylinder 
was drawn off the mandrel and flattened before 
10 wind-up. The resulting cylinders when 
flattened were 5.7 inches wide, and when slit 
and opened out were 11.5 inches wide, al- 
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though the width of the die used was only 10 
inches. The sheets were quite strong and very 
flexible, with apparent complete recovery after 1 5 
numerous foldings. Various tests were run on 
these sheets, with the results shown in Table 
II. These sheets have many uses as filter 
media, both in tubular and slit form, and in 
addition are useful as thermal and electrical 20 
insulation, as clothing, interliners for dispos- 
able clean room and hospital garments, as 
battery separators, and for other purposes. 
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filter cylinder on the mandrel as a core is 
drawn forward at a rate of 2 1/2 feet per 
minute, and cut into lengths of 9 5/8 inches, 
which are then end-capped to produce die 
5 filter cartridges shown in Figures 13 and 14. 
These are useful to filter both gases and 
liquids. 

EXAMPLE 7. 
The system of Figure 1 is modified by sub- 

10 stituting for the single rotating mandrel an 
array of ten copper wires, arranged in a V 
with the spinning die projecting the fibers 
direcdy into the V towards the tip end. Each 
wire is rotated as it translates across the stream 

15 of effluent fibers. The rate of rotation is ad- 
justed so that each wire is coated with by a 
layer of polyethylene fibers approximately 
0.006 inch thick. The resulting insulated wire 
has an extremely low loss factor, when used 

20 to conduct high frequency electrical currents, 
due to the very high 90% voids volume of 
the coating, and the natural low loss factor of 
polyethylene. 
Preferred types of spinning dies are de- 

25 scribed in (1) the report Manufacture of 
Superfine Organic Fibers, U.S. Department 
of Commerce, Office of Technical Services, 
from the Naval Research Laboratory, (2) the 
article by Van A. Wente, Ind & Eng. Chem., 

30 Vol. 48, No. 8, pp. 1342—1346, August, 
1956, and (3) the report An Improved De- 
vice for the Formation of Superfine Thermo- 
plastic Fibers by Lawrence, Lucas & Young, 
U.S. Naval Research Laboratory, February 

35 11, 1959, the disclosures of which three re- 
ports are hereby incorporated by reference. 
One type of spinning die of these reports has 
been illustrated in Figures 2 and J. 

WHAT WE CLAIM IS:— 

40 LA process for forming nonwoven webs 
of thermoplastic fibrous material in a seam- 
less cylindrical configuration, which comprises 
spinning molten thermoplastic material in the 
form of a plurality of continuous filaments 

45 from a plurality of spinning die orifices ap- 
plying a gas blast at the spinning die orifices 
directed generally in the direction of projec- 
tion of the filaments from the orifices to at- 
tenuate and disrupt them into fibers of dis- 

50 crete lengths, and collecting and winding the 
fibers directly on a rotating mandrel to form 
thereon a generally spirally wound cylindrical 
layer of randomly oriented heterogeneously 
intermingled spun fibers. 

55 2. A process according to claim l whicn 
comprises controlling the density of the re- 
sulting cylinder by spacing the spinning die 
orifices at different distances from the rotating 
mandrel. 

60 3. A process according to claim 2 in which 
the face of a single spinning die bearing the 
orifices is arranged at an angle to the man- 
drel so that some orifices are at a greater dis- 



tance from the mandrel than others, and some 
fibers travel over a greater distance than 65 
others, before they are collected on the man- 
drel. 

4. A process according to claim 2 or claim 
3 in which the orifices and mandrel are ar- 
ranged to lay down first the fibers from those 70 
orifices closest to the mandrel, so that a 
greater density is obtained in the portion of the 
layer that is closest to the mandrel. 

5. A process according to claim 2 or claim 

3 in which the orifices and mandrel are ar- 75 
ranged to lay down first the fibers from those 
orifices at the greatest distance from the 
mandrel, so that a lesser density is obtained 
in the portion of the layer that is closest to 
the mandrel. 80 

6. A process according to any one of the 
preceding claims in which the cylinder of 
nonwoven fibrous sheet material is drawn off 
the mandrel along the longitudinal axis of 

the mandrel. 85 

7. A process according to claim 6 in which 
the cylinder is drawn off the mandrel con- 
tinuously as the fibers are being spun, so that 
the cylinder is continuously formed at one 
end of the mandrel, and continuously with- 90 
drawn at the other, while the mandrel is ro- 
tating. 

8. A process according to any one of the 
preceding claims in which the fibers are soft 
and adherent at the time they strike the 95 
mandrel, and become bonded together at their 
crossing points in due course of windup on 

the mandrel. 

9. A process according to any one of claims 

1 to 7 in which the fibers become solidified, 100 
and are non tacky at the time they reach the 
mandrel and are wound up. 

10. A process according to any one of the 
preceding claims in which the seamless cylin- 
der that is obtained is cut into selected lengths. 105 

11. A process according to claim 10 in 
which the resulting cylinder is sufficiently 
rigid to retain its cylindrical shape. 

12. A process according to claim 10 or 
claim 11 in which the lengths are formed into 110 
filter cartridges by applying internal and/or 
external supports and end caps, 

13. A process according to any one of 
claims 1 to 10 in which the fibrous sheet 
material is flexible and the resulting cylinder 115 
is flattened to form a double layer sheet with 

the edges held together and therefore non- 
ravelling. 

14. A process according to any one of 
claims 1 to 10 in which the cylinder is slit 120 
longitudinally, and opened out to form a 
single-layer sheet. 

15. A process according to any one of the 
preceding claims in which the fibers are laid 
down on a tubular foraminous mandrel of 125 
thermoplastic polymeric material which itself 
serves as a permanent core for the resulting 
cylinder. 
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16. A process according to claim 15 in 
which the mandrel is also continuously ex- 
truded through a die. 

17. A process according to claim 15 or 16 
5 in which a filter element is prepared there- 

from by cutting the cylinder into selected 
lengths and applying end caps to the ends 
of the lengths. 

18. A process according to claim 1 sub- 
10 stantially as herein described with reference 

to and as illustrated in Figs. I to 3, Fig. 6, 
Fig. 7 or Fig. 10 of the accompanying draw- 
ings, and/or with reference to the examples. 

19. A nonwoven web of thermoplastic 
1 5 fibrous material whenever made by the process 

of any one of the preceding claims. 

20. A seamless nonwoven web made by the 
process of any one of the claims comprising 
a generally spirally wound layer of randomly- 

20 oriented heterogeneously intermingled spun 
fibers less than 10u in diameter, the web 
having a voids volume of at least 60%. 

21. A seamless nonwoven web according to 
claim 20 which the fibers are less than 5p in 

25 diameter. 

22. A seamless nonwoven web according to 
claim 21 in which the fibers are less than 1/x 
in diameter. 

23. A seamless nonwoven web according to 
30 claim 20, claim 21 or claim 22 in which the 

voids volume is at least 85%. 

24. A seamless nonwoven web according to 
any one of claims 20 to 23 in cylindrical form. 



25. A seamless nonwoven web according to 

any one of claims 20 to 23 in sheet form. 35 

26. A seamless nonwoven web according to 
claim 25 in which the sheet comprises a 
flattened double layer cylinder with the edges 
held together and therefore nonravelling. 

27. A spirally wound tubular filter element 40 
comprising a nonwoven web according to 
claim 26 wound spirally on a longitudinally 
slotted tubular core, the inner end of the in- 
terior of the spirally wound flattened cylinder 
being in fluid flow connection with the slot, 45 
and having its opposed sides held apart by a 
foraminous spacer member for fluid flow 
within the cylinder to or from the slot. 

28. A seamless tubular filter element com- 
prising a nonwoven web according to claim 50 
27 in the form of a cylinder and having end 
caps at each end of the cylinder. 

29. A seamless tubular filter element com- 
prising a nonwoven web according to claim 24 

and having end caps at each end of the cylin- 55 
der. 

30. A seamless tubular filter element sub- 
stantially as herein described with reference to 
and as illustrated in Figs. 4 and 5, Figs. 8 

and 9, Figs. 11 and 12 or Figs. 13 and 14 of 60 
the accompanying drawings. 

MEWBURN ELLIS & CO., 
Chartered Patent Agents, 
70/72 Chancery Lane, 
London, W.C.2. 
Agents for the Applicants. 
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